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(54) ACTIVE MATRIX DISPLAY 

(57) In an active matrix display device 1 in accord- 
ance with the present invention, each pixel 7 is provided 
with a pixel electrode 41 , an organic semiconductor film 
43 deposited on the upper layer side of the pixel elec- 
trode 41. and a thin film luminescent element 40 pro- 
vided with an opposed electrode op formed on the 
upper layer side of the organic semiconductor film 43. A 

[FIG. 3] 



protective f flm 60 covering almost the entire surface of a 
substrate is formed on the upper layer of the opposed 
electrode op. The protective film 60 prevents the entry 
of moisture or oxygen to inhibit the deterioration of the 
thin film luminescent element 40. 
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Description 

Field of the Invention 

[0001] The present invention relates to an active 
matrix display device wherein the drive of a thin film 
luminescent element such as an electroluminescent 
element (hereinafter refen-ed to as an "EL element^ or 
a light emitting diode element (hereinafter referred to as 
an "LED element"), which emits light when drive current 
passes through a luminescent thin film such as an 
organic semiconductor film, is controlled by a thin film 
transistor (hereinafter referred to as a TFT). 

Background Art 

[0002] An active matrix display device has been pro- 
posed which employs a current-controlled luminescent 
element such as an EL element or an LED element. All 
these luminescent elements are self-luminescent mak- 
ing them advantageous in that they do not need a back- 
light that is required in the case of a liquid crystal display 
device and that they depend less on viewing angles. 
[0003] Figure 4 is a block diagram of an active matrix 
display device employing an EL element that emits light 
by means of a charge-injection type organic semicon- 
ductor thin film. Disposed on a transparent substrate 10 
of an active n-iatrix display device 1 A are a plurality of 
scanning lines gate, a plurality of data lines sig extend- 
edly provided in such a direction that they intersect with 
the direction in which the scanning lines gate are 
extendedly provided, a plurality of common feeder lines 
com parallel to the data lines sig, and pixels 7 formed in 
a matrix pattern by the data lines sig and the scanning 
lines gate. A data side drive circuit 3 and a scanning 
side drive circuit 4 are configured for the data lines sig 
and the scanning lines gate. Provided for each pixel 7 
are a conduction control circuit 50 to which scanning 
signals are supplied via the scanning lines gate, and a 
thin film luminescent element 40 that emits light in 
accordance with image signals supplied through the 
data lines sig via the conduction control circuit 50. The 
conduction control circuit 50 is constituted by a first TFT 
20 in which scanning signals are supplied to a gate 
electrode thereof via the scanning lines gate, a reten- 
tion capacitor cap that retains image signals supplied 
through the data lines sig via the first TFT 20, and a 
second TFT 30 in which Uie image signals retained by 
the retention capacitor cap are supplied to a gate elec- 
trode thereof. The second TFT 30 and the thin film lumi- 
nescent element 40 are connected in series between an 
opposed electrode op and the common feeder lines 
com to be discussed hereinafter. When the second TFT 
30 is placed in an ON state, drive current passes 
through the common feeder lines com, causing the thin 
film luminescent element 40 to emit light, and the lumi- 
nescent state is retained by the retention capacitor cap 
for a predetermined period of time. 



[0004] Figure 5 is a top plan view showing one of the 
pixels included in the active matrix display device shown 
in Fig. 4. Figures 6(A). (B). and (C) are a sectional view 
taken at the line A-A', a sectional view taken at the line 
5 B-B\ and a sectional view taken at the line C-C of Fig. 
5. respectively 

[0005] In the active matrix display device 1 A having 
such a configuration, the first TFT 20 and the second 
TFT 30 are formed in the same process by utilizing 

10 island-like semiconductor films in every pixel 7 as 
shown in Fig. 5 and Fig. 6(A) and (B). The first TFT 20 
has a gate electrode 21 configured as a part of the 
scanning line gate. In the first TFT 20. the data line sig 
is electrically connected via a contact hole of a first 

15 interlayer insulating film 51 to one end of a source and 
drain region, while a drain electrode 22 is electrically 
connected to the other end thereof. The drain electrode 
22 is extendedly provided toward the region where the 
second TFT 30 is formed. A gate electrode 31 of the 

20 second TFT 30 is electrically connected to the extend- 
edly provided portion via a contact hole of the first inter- 
layer insulating film 51. A relay electi-ode 35 is 
electrically connected to one end of the source and 
drain region of the second TFT 30 via the contact hole 

25 of the first interlayer insulating film 51 . A pixel electrode 
41 of the thin film luminescent element 40 is electrically 
connected to the relay electrode 35 via a contact hole of 
a second interiayer insulating film 52. 
[0006] As can be seen from r\g. 5 and Fig. 6(B) and 

30 (C). the pixel electrode 41 is formed irxiependently for 
each pixel 7. On the upper layer side of the pixel elec- 
trode 41. an organic semiconductor film 43 and the 
opposed electrode op are laminated in this order. The 
opposed electrode op is formed so that it covers at least 

35 a display section 11. 

[0007] Referring back to Rg. 5 and Fig. 6(A). the com- 
mon feeder line com is electrically connected to the 
other end of the source and drain region of the second 
TFT 30 via tiie contact hole of tine first interiayer insulat- 
ed ing film 51. An extendedly provided portion 39 of the 
comnnon feeder line com is opposed to an extendedly 
provided portion 36 of the gate electrode 31 of the sec- 
ond TFT 30. with the first interlayer insulating film 51 
sandwiched therebetween as a dielectric film tiiereby to 

45 form the retention capacitor cap. 

[0008] The active matrix display device 1 A provides a 
great advantage in that the opposed electrode op 
deposited on the transparent substrate 10 obviates the 
need of laminating an opposed substrate, differentiating 

so itself from an active matrix liquid crystal display device. 
However, the thin film luminescent element 40 is simply 
covered by the thin opposed electrode op, so that mois- 
ture or oxygen intrudes into the organic semiconductor 
film 43 by diffusing and transmitting through tiie 

55 opposed electrode op, leading to a danger of deterio- 
rated luminous efficiency, a higher drive voltage (shift of 
a threshold voltage to a higher voltage side), and dete- 
riorated reliability of the thin film luminescent element 
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40. To prevent the entry of the moisture or oxygen, the 
conventional active matrix display device 1A has been 
employing a method wherein at least the display section 
1 1 is covered by an opposed substrate, and the outer 
periphery of the opposed substrate has been sealed. 
This method, however, inevitably sacrifices the advan- 
tage over the liquid crystal display device. 
[0009] Accordingly, an object of the present inverrtion 
is to provide an active matrix display device capable of 
protecting a thin film luminescent element from mois- 
ture, etc. by means of a simple structure. 

Disclosure of the Invention 

[001 0] The active matrix display device in accordance 
with the present invention has the following configura- 
tion. 

[001 1] The active matrix display device has a display 
section on a substrate, the display section being formed 
by a plurality of scanning lines, a plurality of data lines 
intersecting with the scanning lines, and a plurality of 
pixels formed in a matrix pattern by the data lines and 
the scanning lines, each of the pixels having a conduc- 
tion control circuit including a thin film transistor to which 
a scanning signal is supplied to a gate electrode thereof 
via the scanning lines, a pixel electrode formed for each 
pixel, a luminescerrt thin film deposited on the upper 
layer side of the pixel electrode, and a thin film lumines- 
cent element equipped with an opposed electrode 
which is formed at least on the entire surface of the dis- 
play section on the upper layer side of the luminescent 
thin film, and the thin film luminescent element emitting 
light in accordance with image signals supplied from the 
data lines via the conduction control circuity wherein: a 
protective film, which covers at least a region where the 
opposed electrode is formed, is formed on the upper 
layer side of the opposed electrode. 
[0012] According to the configuration, the thin film 
luminescent element can be protected against mois- 
ture, etc. that is diffused or transmitted through the 
opposed electrode since the protective film is formed on 
the upper layer side of the opposed electrode of the thin 
film luminescent element. Hence, it is possible to pre- 
vent deteriorated luminous efficiency, a rise in the drive 
voltage (the shift of a threshold voltage to the higher 
voltage side), deteriorated reliability, etc. in the thin film 
luminescent element- Moreover, the protective film can 
be easily formed by using a semiconductor process, so 
that it does not add to the manufacturing cost of the 
active matrix display device. Thus, the reliability of the 
active matrix display device can be innproved, while 
retaining the advantage of the active matrix display 
device employing the thin film luminescent element in 
which no opposed substrate is required to be deposited. 
Furthermore, since the protective film protects the thin 
film luminescent element, the material used for the 
opposed electrode may be selected from the viewpoint 
mainly of the luminous efficiency or the drive voltage of 



the thin film luminescent element, thus providing 
another advantage in that the material is not limited to 
one having high performance to protect the thin film 
luminescent element. 

5 [0013] In the present invention, it ispreferable that the 
luminescent thin film is partitioned by an insulating film 
formed on the lower layer side of the opposed electrode 
so that it is thicker than the organic semiconductor film. 
In the active matrix display device employing the thin 

10 film luminescent element, the opposed electrode is 
formed at least over the entire surface of the display 
section and opposed to the data line; therefore, a large 
parasitic capacitor is produced on the data line as it is. 
According to the present invention, however, the pres- 

15 ence of the thick insulating film between the data line 
and the opposed electrode makes it possible to inhibit 
the parasitic capacitor from being produced on the data 
line. As a result, the load on a data side drive circuit can 
be reduced, enabling reduced power consumption or 
,20 quicker display operation. In addition, the insulating film 
formed as mentioned above can be used as a bank 
layer for preventing a discharge liquid from spilling out 
when forming a luminescent thin film by the ink-jet proc- 
ess in a region partitioned by the insulating film. 

25 [0014] In the present invention, preferably, the 
opposed electrode is formed of. for example, an alumi- 
num film containing an alkali metal. When the opposed 
electrode is formed of such a film, the possibility of 
moisture, etc. being diffused or transmitted is higher; 

30 hence, the effect of the formation of the protective film is 
remarkable. 

[001 5] In the present invention, the protective film may 
be formed of an insulating film such as a silicon nitride 
film, or it may be formed of a conductive film of a metal 

35 having a high melting point or an alloy thereof. Further 
alternatively, the protective film may be formed of a con- 
ductive film such as a pure aluminum film, an aluminum 
film containing silicon, or an aluminum film containing 
copper Further, the protective film may be formed of 

40 two layers consisting of a conductive film and an insulat- 
ing film. When the protective film deposited on the 
opposed electrode is formed of a conductive film, the 
same effect that can be obtained from lowering the elec- 
trical resistance of the opposed electrode can be 

45 achieved. When the thick insulating film partitioning the 
region, where the organic semiconductor film is formed, 
is formed, the large difference in level produced by the 
insulating film may cause disconnection of the opposed 
electrode formed on the upper layer side thereof. Form- 

50 ing the protective film deposited on the opposed elec- 
trode of a conductive film makes it possible to prevent 
the disconnection of the opposed electrode because the 
conductive film forms a redundant wiring structure. 
Accordingly, even when the thick insulating film is 

55 fonmed around the organic semiconductor film to sup- 
press a parasitic capacitance in an active matrix display 
device, the disconnection of the opposed electrode 
formed on the upper layer of the insulating film does not 
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occur, enabling improved display quality and reliability 
of the active matrix display device to be achieved. 
[00161 In the present invention, the conduction control 
circuit is preferably provided with the first TFT wherein 
the scanning signals are supplied to the gate electrode s 
thereof, and the second TFT wherein the gate electrode 
thereof is connected to the data lines via the first TFT, 
and the second TFT and the thin film luminescent ele- 
ment are connected In series between the common 
feeder line for supplying drive current, which is config- jo 
ured separately from the data lines and the scanning 
lines, and the opposed electrode. In other words, the ' 
conduction control circuit could be constructed by one 
TFT and a retention capacitor; however, it is preferable 
to configure the conduction control circuit of each pixel is 
by two TFTs and a retention capacitor to accomplish 
higher display quality. 

Brief Description of the Drawings 

20 

[0017] 

Fig. 1 is a block diagram schematically showing an 
entire layout of an active matrix display device to 
which the present invention has been applied. 2S 
Fig. 2 is a top plan view of one of the pixels included 
in the active matrix display device shown in Fig. 1 . 
Fig. 3 (A), (B), and (C) are a sectional view taken at 
the line A-A', a sectional view taken at the line B-B', 
and a sectional view taken at the line C-C. respec- 30 
tively, of Fig. 2. 

Fig. 4 is a block diagram schematically showing the 
entire layout of a conventional active matrix display 
device. 

Fig. 5 is a top plan view of one of the pixels included 3S 
in the active matrix display device shown in Fig. 4. 
Fig. 6 (A). (B). and (C) are a sectional view taken at 
the line A-A', a sectional view taken at the line B-B*. 
and a sectional view taken at the line C-C. respec- 
tively, of Fig. 5. 40 

Description of Reference Numerals 
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Best Mode for Carrying Out the Invention 

[0019] An embodiment of the present invention will be 
described with reference to the accompanying draw- 
ings. In the following description, the same reference 
numerals will be assigned to the components common 
to the elements described with reference to Fig 4 to Rg 
6. 

(Entire Configuration) 

[0020] Rgure 1 is a block diagram schematically 
showing the entire layout of an active matrix display 
device; Rg. 2 is a top plan view of one of the pixels 
included therein: and Rg. 3 (A), (B), and (C) are a sec- 
tional view taken at the line A-A', a sectional view taken 
at the line B-B*. and a sectional view taken at the line C- 
C respectively, of Fig. 2. 

[0021] In an active matrix display device 1 shown in 
Rg. 1. the central portion of a transparent substrate 10, 
which is the base of . the apparatus, provides a display 
section 1 1 . In the outer peripheral portion of the trans- 
parent substrate 10, a data side drive circuit 3 that out- 
puts image signals is formed at the ends of data lines 
sig, and a scanning side drive circuit 4 that outputs 
scanning signals is formed at the ends of scanning lines 
gate. In these drive circuits 3 and 4, complementary 
TFTs are formed by N-type TFTs and P-type TFTs. the 
complementary TFTs constituting a shift register circuit, 
a level shifter circuit an analog switching circuit, etc. As 
in the active matrix substrate of an active matrix liquid 
crystal display device, the display section 1 1 has, on the 
bansparent substi-ate 10, a plurality of pixels 7 formed in 
a matrix pattern by a plurality of scanning lines gate and 
a plurality of data lines sig extendedly provided in tiie 
direction to intersect with the direction in which the 
scanning lines gate are extendedly provided. 
[0022] Each of the pixels 7 includes a conduction con- 
trol circuit 50 to which scanning signals are supplied via 
the scanning lines gate, and a thin film luminescent ele- 
ment 40 that emits light in accordance with image sig- 
nals supplied from the data lines sig via the conduction 
control circuit 50. The example shown herein is formed 
by a first TFT 20 wherein scanning signals are supplied 
to the gate electrode thereof via the scanning lines 
gate, a retention capacitor cap that retains image sig- 
nals supplied from the data lines sig via the first TFT 20, 
and a second TFT 30 in which the image signals 
retained by the retention capacitor cap are supplied to 
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the gate electrode thereof. The second TFT 30 and the 
thin film luminescent element 40 are connected in 
series between an opposed electrode op and the com- 
mon feeder lines com to be discussed in detail hereinaf- 
ter. 

[0023] tn the active matrix display device 1 having 
such a configuration, the first TFT 20 and the second 
TFT 30 are formed by utilizing island-like semiconductor 
films (silicon films) In every pixel 7 as shown in Rg. 2 
and Fig. 3(A) and (B). to 
[0024] The first TFT 20 has a gate electrode 21 con- 
figured as a part of the scanning line gate. In the first 
TFT 20, the data line sig is electrically connected via a 
contact hole of a first irrterlayer insulating film 51 to one 
end of a source and drain region, while a drain electrode is 
22 is electrically connected to the other end thereof. The 
drain electrode 22 is extendedly provided toward the 
region where the secorxJ TFT 30 is formed. A gate elec- 
trode 31 of the second TFT 30 is electrically connected 
to the extendedly provided portion via a contact hole of 20 
the first interlayer insulating film 51 . 
[0025] A relay electrode 35 that is formed at the same 
time as the data lines sig is electrically connected to 
one end of the source and drain region of the second 
TFT 30 via the contact hole of the first interlayer insulat- 2S 
ing film 51. A transparent pixel electrode 41 formed of 
an ITO film of the thin film luminescent element 40 is 
electrically connected to the relay electrode 35 via a 
contact hole of a second interlayer insulating film 52. 
[0026] As can be seen from Rg. 2 and Rg. 3(B) and 30 
(C). the pixel electrode 41 is formed independently for 
each pixel 7. On the upper layer side of the pixel elec- 
trode 41 , an organic semiconductor film 43 formed of 
polyphenylene vinylene (PPV) or the like and the 
opposed electrode op formed of a metal film composed 35 
of aluminum and calcium containing an alkali metal 
such as lithium are laminated in tNs order to constitute 
the thin film luminescent element 40. The organic semi- 
conductor film 43 is formed for each pixel. 7; however, it 
may be formed in stripes over a plurality of pxels 7 in 40 
some cases. The opposed electrodes op are formed 
over the entire display section 1 1 and the region except 
at least the peripheral area of the portion wherein termi- 
nals 12 are formed. 

[0027] The thin film luminescent element 40 may have 45 
a structure that enhances Uie luminous efficiency (hole 
injection efficiency) by providing a hole injection layer, a 
structure that enhances the luminous efficiency (elec- 
tron injection efficiency) by providing an electron injec- 
tion layer, or a structure wherein both the hole injection so 
■ layer and the electron injection layer are formed. 
[0028] Referring back to Fig. 2 and Fig. 3(A), the com- 
mon feeder line com is electrically connected to the 
other erKl of the source and drain region of tiie second 
TFT 30 via the contact hole of the first interlayer insulat- 55 
ing film 51. An extendedly provided portion 39 of the 
common feeder line com is apposed to an extendedly 
provided portion 36 of the gate electrode 31 of the sec- 



ond TFT 30. witii the first interlayer insulating film 51 
sandwiched therebetween as a dielectric film thereby to 
form the retention capacitor cap. 
[0029] In the active matrix display device 1 configured 
as discussed above, when the first TFT 20 is selected 
by a scanning signal and placed in an ON state, the 
image signal from the data line sig is applied to the gate 
electrode 31 of the second TFT 30 via the first TFT 20. 
arxi the image signal is written to the reterrtion capacitor 
via the first TFT 20. As a result, when the second 
TFT 30 is placed in the ON state, a voltage is applied, 
with the opposed electrode op and the pixel electrode 
41 serving as the negative pole and the positive pole, 
respectively. In an area where the applied voltage 
exceeds a threshold voltage, the current (drive current) 
passing through the organic semiconductor film 43 sud- 
denly increases. Hence, the luminescent element 40 
emits light as an electroluminescent element or an LED 
element, and tiie light from ttie luminescent element 40 
is reflected by the opposed electrode op and transmit- 
ted through the transparent pixel electrode 41 and the 
transparent substrate 10 before it goes out. The drive 
current for emitting the light goes through a cun-ent path 
constructed by the opposed electrode op, the organic 
semiconductor film 43, the pixel electrode 41 , the sec- 
ond TFT 30, and the common feeder lines com. There- 
fore, when the second TFT 30 is placed in an OFF state, 
the current no longer passes. However, even when the 
first TFT 20 is placed in the OFF state, the gate elec- 
trode of the second TFT 30 is retained at a potential 
equivalent to the image signal by the retention capacitor 
cap, tiius hoWing the second TFT 30 in the ON state. 
Accordingly, the drive current continues to pass through 
the luminescent element 40. and tiie pixel is held ON. 
This state is maintained until new image data is written 
to the retention capacitor cap and the second TFT 30 is 
placed in the OFF state. 

(Protective Structure of Thin Rim Luminescent Ele- 
ment) 

[0030] Thus, the active matrix display device 1 
employing the thin film luminescent element 40 provides 
a great advantage in that the opposed electrode op 
deposited on the transparent substrate 10 itself obvi- 
ates the need of laminating an opposed sukjstrate. dif- 
ferentiating itself from an active matrix liquid crystal 
display device. However, there is a danger in that mois- 
ture or oxygen intrudes into the thin film luminescent 
element 40 by diffusion and transmission through the 
thin opposed electrode op. Particularly in this embodi- 
ment, an aluminum film containing an alkali metal such 
as lithium is employed for the opposed electrode op in 
order to enhance the electron injection efficiency in the 
thin film luminescent element 40 so as to lower the drive 
voltage, whereas the aluminum film containing an alkali 
metal is considered to permit diffusion and transmission 
of moisture or oxygen more easily than pure aluminum 
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does. More specifically, the aluminum film containing an 
alkali metal exhibits lower toughness than a pure alumi- 
num film, an aluminum film containing silicon, or an alu- 
minum film containing copper, so that it is apt to break 
when subjected to stress, leading to a possibility of the 5 
entry of moisture or oxygen through a crack or the like. 
Further, a fracture surface of an aluminum film contain- 
ing an alkali metal shows a columnar texture, and it is 
conceivable that rrxsisture or oxygen is easily diffused 
arxJ transmitted through the texture. 
[0031 1 For the reason desaibed above, a protective 
film 60 composed of pure aluminum is formed on the 
upper layer of the opposed electrode op. The protective 
film 60 formed of pure aluminum has toughness that is 
sufficiently high to survive stress to a certain extent so is 
that it inhibits the occurrence of a crack that leads to a 
path for the entry of moisture or oxygen. Further, the 
fracture surface of pure aluminum does not exhibit a 
columnar texture observed in the aluminum film con- 
taining an alkali metal, eliminating the possibility of 20 
entry of moisture or oxygen through the texture. Hence, 
the active matrix display device 1 of this errtoodiment is 
capable of protecting the thin film luminescent element 
40 from moisture, etc., thus inhibiting deterioration in 
the luminous efficiency, an increase in the drive voltage 25 
(the shift of the threshold voltage to the higher voltage 
side), deterioration in reliability, etc. of the thin film lumi- 
nescent element 40. Moreover, the protective film 60 
formed of the pure aluminum film can be easily formed 
by utilizing a semiconductor process: therefore, it does 30 
not add to the manufacturing cost of the active matrix 
display device 1 . This makes it possible to Improve the 
reliability of the active matrix display device 1 while 
retaining the advantage of the active matrix display 
device 1 employing the thin film luminescent element 40 35 
in which there is no need to deposit an opposed sub- 
strate. 

[0032] In addition, since the protective film 60 protects 
the thin film luminescent element 40. the material used 
for the opposed electrode op may be selected from the 40 
viewpoint mainly of the luminous efficiency or the drive 
voltage of the thin film luminescent element 40, thus 
providing another advantage in that the material is not 
limited to one having high performance to protect the 
thin film luminescent element 40. 45 
[0033] Furthermore, in this embodiment ttie protec- 
tive film 60 deposited on the opposed electrode op is 
formed of a conductive film composed of the pure alumi- 
num film, so that the same advarrtage obtained by low- 
ering the electrical resistance of the opposed electrode so 
op can be achieved. 

(Structure of Bank Layer) 

[0034] In the active matrix display device 1 configured 55 
as described above, in order to protect the data lines sig 
from a large parasitic capacitor, the embodiment is pro- 
vided with a thick insulating film (a bank layer bank/the 



hatched area) formed of a resist film or a polyimide film 
along the data lines sig and the scanning lines gate as 
shown in Fig. 1, F\g. 2. and Rg. 3 (A), (B), and (C), and 
the opposed electrcxje op is formed on the upper layer 
side of the bank layer bank. Hence, the presence of a 
second interlayer insulating film 52 and the thick bank 
layer bank between the data lines sig and the opposed 
electrode op controls the capacitance parasitic to the 
data lines sig to an extremely small value. This makes it 
possible to reduce the load on the drive circuits 3 and 4 
and to achieve reduced power consumption and quicker 
display operation. 

[0035] Further, as shown in Fig. 1 , the bank layer bank 
(the formation area is hatched) is formed also in a 
peripheral area of the transparent substrate 10 (area 
outside the display section 11). Accordingly, both the 
data side drive circuit 3 and the scanning side drive cir- 
cuit 4 are covered by the bank layer bank. The opposed 
electrode op is formed in at least in the display section 
11, arxl it is not required to be formed in the area 
wherein the drive circuits are formed. However, the 
opposed electrode op is normally formed by mask sput- 
tering, and poor alignment accuracy causes the 
opposed electrode op to be superimposed on the drive 
circuits in some cases. Even if the opposed electrode 
op should overlap the area wherein the drive circuits are 
formed as mentioned above, the presence of the bank 
layer bank between the wiring layers of the drive circuits 
and the opposed electrode op prevents the capacitor 
from being parasitic to the drive circuits 3 and 4. This 
makes it possible to reduce the load on the drive circuits 
3 and 4 and to achieve reduced power consumption and 
quicker display operation. 

[0036] Further in this embodiment, the bank layer 
bank is also formed in an area of the region where the 
pixel electrode 41 is formed, the area overiapping the 
relay electrode 35 of the conduction control circuit 50. 
Therefore, the organic semiconductor film 43 is not 
formed in the area overlapping the relay electrode 35. 
This means that the organic semiconductor film 43 is 
formed only in a flat area of the region where the pixel 
electrode 41 is formed, so that the organic semiconduc- 
tor film 43 is produced to have a constant thickness, 
thus preventing nonuniform display. The absence of the 
bank layer bank in the area overlapping the relay elec- 
trode 35 causes the drive current to be passed between 
the relay electrode 35 and the opposed electrode op in 
the area, and the organic semiconductor film 43 emits 
light The light, however, does not exit the device 
because it is held between the relay electrode 35 and 
the opposed electrode op and therefore does not con- 
tribute to display The drive current passed through the 
area that does not contribute to display may be consid- 
ered as invalid current from the viewpoint of display. In 
this embodiment, however, the tsank layer bank is 
formed in the area, wherein such an invalid current used 
to be passed through, so as to prevent the drive current 
from being passed therethrough. This makes it possible 
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to prevent wasteful current from being passed through 
the common feeder lines com; hence, the width of the 
common feeder lines com can be made smaller accord- 
ingly. As a result, the luminescent area can be 
increased, enabling improved display performance 5 
including luminance and contrast ratio to be achieved. 
[0037] When the thick bank layer bank is formed, 
there is a danger in that a large step bb formed by the 
bank layer bank shown in Fig. 3 causes the disconnec- 
tion of the opposed electrode op formed on the upper 10 
layer side. In this embodiment, however, the protective 
film 60 deposited on the opposed electrode op is 
formed of a conductive film, and a redundant wiring 
structure is configured by the conductive film (the pro- 
tective film 60). Therefore, even when the thick bank is 
layer bank is formed to suppress a parasitic capacitor or 
the like, the opposed electrode op formed on the upper 
layer of the bank layer bank will not incur disconnection, 
thus permitting improved display quality and reliability of 
the active matrix display device 1 . .20 
[0038] If the bank layer bank is formed using a black 
resist, then the bank layer bank functions as a black 
matrix, which improves display quality including contrast 
ratio. In other words, in the active matrix display device 
1 according to the embodiment, the opposed electrode 25 
op is formed on the entire surface of the pixel 7 on the 
surface side of the transparent substrate 10, and the 
light reflected by the opposed electrode op deteriorates 
the contrast ratio. Using the black resist for the bank 
layer bank, which serves to prevent the parasitic capac- 30 
itor, causes the bank layer bank to function as the black 
matrix and blocks the light reflected from the opposed 
electrode op, thus leading to a higher contrast ratio. 

(Manufacturing Method of Active Matrix Display device) 35 

[0039] The bank layer bank formed as described 
above surrounds the region wherein the organic semi- 
conductor film 43 is formed; therefore, it dams up a dis- 
charge liquid to prevent it from protruding sideways 40 
when the organic semiconductor film 43 is produced 
using a liquid material discharged from an ink-jet head 
(a discharged liquid) in the manufacturing process of 
the active matrix display device. In the manufacturing 
method of the active matrix display device 1 to be 45 
described below, the steps for forming the first TFT 20 
and the second TFT 30 on the transparent substrate 1 0 
are nearly the same as those for manufacturing an 
active matrix substrate of the liquid crystal active matrix 
display device 1 . Hence, the outline of the process will so 
be briefly explained with reference to Fig. 3 (A), (B). and 
(C). 

[0040] First, a foundation protective film (not shown) 
composed of a silicon oxide film that is about 2000 to 
about 5000 angstroms thick is formed on the transpar- 55 
ent substrate 10 by the plasma CVD technique using 
TEOS (tetraethylorthositicate) or oxygen gas as the 
material gas as necessary. Then, a semiconductor film 



composed of an amorphous silicon film having a thick- 
ness of about 300 to about 700 angstroms is formed on 
the surface of the foundation protective film by the 
plasma CVD technique. Subsequently, the semiconduc- 
tor film formed of the amorphous silicon film is sub- 
jected to a crystallizing process such as laser annealing 
or solid phase growth technique to crystallize the semi- 
conductor film into a polysilicon film. 
[0041] Next, the semiconductor film is patterned to 
form it into an island-like semiconductor film, and a gate 
insulating film 37 conposed of a silicon oxide film or 
nitride film having a thickness of about 600 to about 
1500 angstroms is formed on the surface of the island- 
like semiconductor film by the plasma CVD technique 
using TEOS (tetraethylorthosilicate) or oxygen gas as 
the material gas. 

[0042] Subsequently, a conductive film that is formed 
of a metal film composed of aluminum, tantalum, molyb- 
denum, titanium, or tungsten is formed by the sputtering 
technique, then patterning is carried out to form gate 
electrodes 21 and 31 , and the extendedly provided por- 
tion 36 of the gate electrode 31 (a gate electrode form- 
ing step). In this step, the scanning lines gate are also 
formed. 

[0043] In this state, high concentration phosphorus 
ions are inrplanted to produce the source and drain 
regions in a self-alignment fashion with respect to the 
gate electrodes 21 and 31. A portion where no impurity 
has been introduced provides a channel region. 
[0044] Next, after the first interlayer insulating film 51 
is formed, the respective contact holes are formed, and 
the data line sig, the drain electrode 22. the common 
feeder line com. the extendedly provided portion 39 of 
the common feeder line com, and the relay electrode 35 
are formed. As a result, the first TFT 20. the second TFT 
30, and the retention capacitor cap are formed. 
[0045] Then, the second interlayer insulating film 52 is 
formed, and a contact hole is formed in a portion of the 
interlayer insulating film that corresponds to the relay 
electrode 35. After an ITO film is formed on the entire 
surface of the second interlayer insulating film 52, pat- 
terning is carried out to form the pixel electrode 41 for 
each pixel 7, the pixel electrode 41 being electrically 
connected to the source and drain regions of the sec- 
ond TFT 30 via the contact hole. 
[0046] In the following step, a resist layer is formed on 
the surface of the second interlayer insulating film 52, 
then it is patterned so that the resist is left along the 
scanning line gate and the data line stg to form the bank 
layer bank. At this time, the resist portion to be left along 
the data line sig should be wide enough to cover the 
common feeder line com. As a result, the region 
wherein the organic semiconductor film 43 of the lumi- 
nescent element 40 is to be deposited is surrounded by 
the bank layer bank. Then, the organic semiconductor 
films 43 corresponding to R. G, and B. respectively, are 
formed in the region defined in a matrix pattern by the 
bank layer bank by using the ink-jet process. For this 
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purpose, a liquid material (precursor) for makirng the 
organic semiconductor film 43 is discharged from an 
ink-jet head to the region inside the bank layer bank, 
artd the discharged liquid material is fixed in the region 
inside the bank layer bank to form the organic semicon- 
ductor film 43. TTie bank layer bank Is formed of a resist, 
so that it is water-repellent, whereas the precursor of 
the organic semiconductor film 43 employs a hydrophilic 
solvent Hence, the applied region of the organic semi- 
conductor film 43 is securely partitioned by the bank 
layer bank and does not protrude to the adjacent pixel 
7. This enables the organic semiconductor film 43 to be 
formed only in a predetermined region. In this step, the 
precursor discharged from the ink-jet head expands to 
have a thickness of about 2 ^m to about 4 urn due to 
surface tension; therefore, the bank layer bank is 
required to have a thickness of about 1 jim to about 3 
Jim. The thickness of the organic semiconductor film 43 
after it has been fixed ranges from about 0.05 jim to 
about 0.2 Jim. If the partition formed of the bank layer 
bank has a height of 1 nm or more from the beginning, 
then the bank layer bank will satisfactorily function as 
the partition even if the bank layer bank is not water 
repellent. Forming the thick bank layer bank beforehand 
makes it possible to define the region wherein the 
organic semiconductor film 43 is to be formed when 
forming the organic semiconductor film 43 by applying 
another process in place of the ink-jet process. 
[0047] After that, the opposed electrode op is formed 
on nearly the entire surface of the transparent substrate 
10, and the protective film 60 is deposited on the upper 
layer of the opposed electrode pp. The protective film 
60 will securely provide sufficient resistance to humidity 
if it has a thickness of about 2000 angstroms to about 1 
Jim. 

[0048] According to the manufacturing method, the 
respective organic semiconductor films 43 correspond- 
ing to R, G, and B can be formed in predetermined 
regions t)y using the ink-jet process, permitting the man- 
ufacture of the active matrix display device 1 of a full- 
color feature with higher productivity 
[0049] The TFTs are formed also in the data side drive 
circuit 3 and the scanning side drive circuit 4 shown in 
Fig. 1 . These TFTs are formed using all or some of the 
steps for forming the TFTs In the pixels 7. This means 
that the TFTs constituting the drive circuits are formed 
between the same layers as the TFTs of the pixels 7. 
Regarding the first TFT 20 and the second TFT 30. both 
may be of the N-type or P-type. or one of them may be 
the N-type while the other may be the P-type. Regard- 
less of the combinations of the N-type and the P-type, 
the TFTs can be- formed by a well-known process; 
therefore, the description thereof will be omitted. 

[Other Embodiments] 

[0050] The protective film 60 may be produced in the 
same manner as that in the embodiment described 



above by using other metal films formed of an aluminum 
film containing silicon or an aluminum film containing 
copper or other metal besides the pure aluminum film 
as long as it is a conductive film that transmits less 

5 moisture or oxygen. Further, the protective film 60 may 
employ a metal having a high melting point or an alloy or 
the like thereof. Furthermore, using an insulating film 
such as a silicon nitride film as the protective film 60 
permits the inhibition of deterioration in the thin film 

JO luminescent element 40. In addition, the protective film 
60 may be of a double-layer structure consisting of an 
Insulating film and a conductive fflm. In this case, 
depositing the conductive film on the opposed electrode 
op permits the implementation of the foregoing redun- 

75 dant wiring structure. In arry case, the protective film is 
able to secure satisfactory resistance to humidity as 
long as it has a thickness of about 2000 angstroms to 
about 1 jxm. 

[0051] When a resist film or a polyimide film formed of 
20 an organic material is used for the bank layer bank 
(insulating film), a thick film can be easily formed. When 
the bank layer bank (insulating film) is formed of a sili- 
con oxide film or a silicon nitride film made of an inor- 
ganic material and formed by using the CVD process or 
25 the SOG process, the deterioration of the organic semi- 
conductor film 43 can be inhibited even if the bank layer 
bank is in contact with the organic semiconductor film 
43. 

[0052] Further, besides the configuration in which the 

30 retention capacitor cap is formed In relation to the com- 
mon feeder line com, the retention capacitor cap may 
be configured so that it is formed In relation to a capac- 
rtive line provided in parallel to the scanning line gate, or 
it may be configured by using the drain region of the first 

35 TFT 20 and the gate electrode 31 of the second TFT 30. 
[0053] As described above, the active matrix display 
device has a protective film formed on the upper layer 
side of an opposed electrode of a thin film luminescent 
element, enabling the thin film luminescent element to 

40 be protected against moisture, etc. Hence, there is not a 
possibility of deterioration of the thin film luminescent 
element Moreover, the protective film can be easily 
formed by utilizing a semiconductor process, so that it 
does not add to the manufacturing cost of the active 

45 matrix display device. Therefore, the reliability of the 
active matrix display device can be Improved, while 
retaining the advantage of the active matrix display 
device employing the thin film luminescent element in 
which no opposed substrate is required to be deposited. 

50 Furthermore, since the protective film protects the thin 
film luminescent element, the material used for the 
opposed electrode may be selected from the viewpoint 
mainly of the luminous efficiency or the drive voltage of 
the thin film luminescent element, thus providing 

55 another advantage in that the material is not limited to 
one having high performance to protect the thin film 
luminescent element. 
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industrial Applicability 

[0054] Having the advantages desaibed above, the 
present invention is ideally used as an active matrix dis- 
play device in which the drive" ot a thin film luminescent 
element such as an electroluminescent element or a 
light emitting diode element is controlled by thin film 
transistors. Furthermore, an active matrix display device 
to which the present invention has been applied can be 
extensively used not only for a personal computer, a 
portable information terminal but also for information 
display equipment including an outdoor large bulletin 
board and an advertisement signboard. 

Claims 

1. An active matrix display device comprising a dis- 
play section on a substrate, the display section 
being formed by a plurality of scanning fines, a plu- 
rality of data lines intersecting with the scanning 
lines, and a plurality of pixels formed in a matrix pat- 
tern by the data lines and the scanning lines, each 
of the pixels having a conduction control circuit 
including a thin film transistor to which a scanning 
signal is supplied to a gate electrode thereof via the 
scanning lines, a pixel electrode formed for each 
pixel, a luminescent thin film deposited on the 
upper layer side of the pixel electrode, and a thin 
film luminescent element equipped with an 
opposed electrode which is formed at least on the 
entire surface of the display section on the upper 
layer side of the luminescent thin film, and the thin 
film luminescent element emitting light in accord- 
ance with image signals supplied from the data 
lines via the conductfon control circuit, wherein: 

a protective film, which covers at least a region 
where the opposed electrode is formed, is 
formed on the upper layer side of the opposed 
electrode. 

2. An active matrix display device according to Claim 
1 . wherein the luminescent thin film is partitioned by 
an insulating film that is formed on the lower layer 
side of the opposed electrode and formed to be 
thicker than the luminescent thin film. 

3. An active matrix display device according to Claim 
1 or 2. wherein the opposed electrode is formed of 
an aluminum film containing an alkali metal. 

4. An active matrix display device according to Claim 
1 or 2, wherein the protective film is formed of an 
insulating film. 

5. An active matrix display device according to Claim 
3, wherein the protective film is formed of an insu- 
lating film. 



6. An active matrix display device according to Claim 
1 or 2, wherein the protective film is formed of a sil- 
icon nitride film. 

5 7. An active matrix display device according to Claim 
3, wherein the protective film is formed of a silicon 
nitride film. 

8. An active matrix display device according to Claim 
w 1 or 2, wherein the protective film is formed of a 

metal having a high melting point or an alloy 
thereof. 

9. An active matrix display device according to Claim 
IS 3, wherein the protective film is formed of a metal 

having a high melting point or an alloy thereof. 

10. An active matrix display device according to Claim 
1 or 2, wherein the protective film is formed of an 

20 aluminum film of any of a pure aluminum film, an 
aluminum film containing silicon, and an aluminum 
film containing copper. 

11. An active matrix display device according to Claim 
25 3, wherein the protective film is formed of an alumi- 
num film of any of a pure aluminum film, an alumi- 
num film containing silicon, and an aluminum film 
containing copper. 

30 12. An active matrix display device according to Claim 
1 or 2, wherein the protective film has a double- 
layer structure consisting of a conductive film arxl 
an insulating film. 

35 1 3. An active matrix display device according to Claim 
3, wherein the protective film has a double-layer 
structure consisting of a conductive film and an 
insulating film. 

40 14. An active matrix display device according to Claim 
1 . wherein: the conduction control circuit comprises 
a first thin film transistor in which the scanning sig- 
nal is supplied to a gate electrode thereof and a 
second thin film transistor having a gate electrode 

45 thereof connected to the data line via the first thin 
film transistor: and the second thin film transistor 
and the thin film luminescem element are con- 
nected in series between a common feeder line for 
supplying drive cun-ent that is configured separately 

so from the data line and the scanning line, and the 
opposed electrode. 
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[FIG. 3] 
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[FIG. 5] 




14 



EP 0 961 525 A1 



[FIG. 6] 
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